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Descrrption 

[0001] The invention relates to the treatment of noise 
in vehicles, in particular road vehicles. 
[0002] The driver and passengers in the cabins of 
conventional passenger cars are exposed to a great 
deal of externally generated noise, due prinnarily to the 
vehicle engine. Various proposals hae been nnade for 
reduction of such ambient noise but the present inven- 
tion is concerned with the enhancement of the vehicle 
noise experienced by the cabin occupants during nor- 
mal driving conditions. 

[0003] DE-A-3420463 discloses a sound enhance- 
ment system for a vehicle in which an engine speed pro- 
portional frequency signal is taken from an ignition coil 
and fed to a frequency changer which changes the fre- 
quency and generates an output which is selectable by 
a switch to drive a loudspeaker via an adjustable ampli- 
fier The vehicle sound simulated depends on the fre- 
quency selected. This system is however limited in that 
only a single frequency can be generated at a time and 
complex sound cannot be generated in response to a 
range of vehicle operating conditions. 
[0004] The present invention provides a sound en- 
hancement system for use in a vehicle, the system com- 
prising source means adapted to provide first signals re- 
lated to operation of the vehicle and the engine thereof, 
and generating means responsive to the operation of 
the vehicle and the engine thereof to provide output sig- 
nals for transducer means to generate simulated vehicle 
operating sound; characterised in that said first signals 
comprise a signal or signals responsive to vehicle ac- 
celeration provided by a transducer which relate to one 
or both of throttle position signal or gear changes and 
the frrst signals comprise a signal or signals provided by 
one or both of a microphone responsive to engine noise 
and a vibration sensor responsive to engine-generated 
vibrations; in that the system includes a source of stored 
signals representing vehicle operating sound to be sim- 
ulated related to vehicle operation; and in that said gen- 
erating means is responsive to said first signals to em- 
ploy said stored signals to provide said output signals. 
[0005] The source of stored signals representing ve- 
hicle operating sound can be a prerecorded source. The 
generating means can comprise a synthesizer and said 
source of stored signals can comprise a micro-proces- 
sor for controlling said synthesizer, said micro-proces- 
sor being adapted to employ said stored signals to con- 
trol said synthesizer in response to said first signals to 
trigger the generation of said output signals at appropri- 
ate times. 

[0006] The microphone can be located in the vehicle 
cabin to provide feedback to the microprocessor. The- 
microprocessor controlling the synthesizer can store 
signals representing a desired sound to which the syn- 
thesizer can be arranged to adapt the transducer output. 
'[0007] The sounds heard by the user of a system ehn- 
bodying the invention can represent for example the 



sounds of a racing car or other high-performance road 
vehicle. The system can then be such that these sounds 
are heard by the cabin occupants whilst the vehicle is 
being driven, so as to enhance the occupants driving 

5 experience. 

[0008] In particular, the sounds of a high powered en- 
gine undergoing sharp acceleration can be produced in 
response to acceleration of a vehicle fitted with the sys- 
tem of the invention in ordinary driving conditions. The 

10 system is responsive to gear changes and/or throttle 
movement. 

[0009] One or more loudspeakers and/or one or more 
vibration actuators of the system are typically located in 
the vehicle cabin but instead or as well one or more loud- 

15 speakers or actuators can be positioned in the engine 
compartment, or on appropriate engine or body parts to 
effect or to modify vibration thereof, so that the sound 
from them is heard by the vehicle cabin occupants, and 
by persons outside the vehicle by the same route as 

20 sound from the vehicle engine. 

[0010] Although the system of the invention can stand 
alone, tt is conveniently integrated wit the in-car-enter- 
tainment (l.C.E) systems now typically provided in pas- 
senger cars. The vehicle operation related sound can 

25 be integrated with entertainment sound and can be pro- 
duced in alternation with it, either selectively or accord- 
ing to vehicle operation; for example the former may be 
heard during acceleration only, giving way to entertain- 
ment sound once cruising speed has been reached. The 

30 system of the invention can also be integrated with an 
active noise reduction system which can reduce ambi- 
ent noise by generating within the vehicle cabin sound 
vibrations of phase and amplitude such as to cancel or 
reduce unwanted noise. 

35 [0011] Noise reduction can thus be operative to pre- 
vent interference with the desired sound related to ve- 
hicle operation, as well as with entertainment sound, or 
it may be operative only as long as entertainment sound 
is being produced or when an integrated system is oth- 

40 erwise out of use. 

[0012] The invention is further described below, by 
way of example, with reference to the accompanying 
drawing in which: 

Figure 1 is a block circuit diagram of a combined 

45 audio entertainment and noise control or processing 
system embodying the invention. 
[0013] The system illustrated in Figure 1 is an inte- 
grated system comprising all the components neces- 
sary to provide in the cabin of a passenger motor car 

50 enhanced vehicle operation noise. Audio entertainment 
and/or ambient noise reduction can also be provided, 
as the operator of the system may desire. 
[0014] The in-car entertainment (l.C.E) components 
of the system comprise an audio signal source consti- 

55 tuted by at least one of a radio tuner 2 connected to an 
aerial 4, and a deck or decks 5 for playing one or more 
of compact discs, digitally recorded tapes or cassettes. 
The outputs from the tuner 2 and deck or decks 5 are 
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fed to a pre-amplifier 6 fitted with conventional control 
arrangements 7 for signal source selection and for out- 
put adjustment, such as volume and bass and treble 
controls, or graphic equalization, and switching instru- 
ments to be described. These I.C.E. components will 
typically provide signals on a plurality N of output chan- 
nels and balance and fader controls will then be provid- 
ed. The pre-amplifier outputs are supplied by way of a 
mixer 9, preferably a balanced mixer, to power amplifier 
means 10 which powers one or more loudspeakers 11 
operative in the vehicle cabin. 

[0015] For enhanced vehicle sound production, the 
system includes a prerecorded sound source 15 which 
can comprise a deck of one or other of the types of deck 
mentioned with reference to the deck 5 . but which need 
not have the usual facility for selective replacement of 
the signal storage medium. Operation of the source 15 
is dependent on a control signal related to vehicle oper- 
ation, the control signal relating to throttle movement 
and/or gear changes, derived from a transducer 1 6 and 
supplied to the source on line 17, so that the source de- 
livers signals representing the sounds of acceleration of 
a high powered vehicle, or other such desirable sounds, 
during acceleration of the vehicle in which the system is 
installed. 

[001 6] The system includes one or more microphones 
20 providing outputs representing actual vehicle engine 
noise and a signal treatment unit constituted as a syn- 
thesizer 24 controlled by a microprocessor 25. Instead 
of or as well as the microphone or microphones 20. the 
system can include one or more transducer 22, for ex- 
ample vibration sensors, responsive to engine opera- 
tion. The input from the or each microphone 20 or trans- 
ducer. 22 is then used to trigger the generation of a de- 
sired output from the synthesizer 24. Enhanced engine 
or vehicle interior noise is provide, dependent on vehicle 
operation, as Indicated by the control signal from the 
transducer 16. 

[0017] The outputs of the source 15 and the synthe- 
sizer 24 are supplied to the pre-amplifier 6 on line 1 9 for 
sound production in the vehicle cabin by way of the am- 
plifier means 10 and the loudspeakers 11. In addition or 
instead the pre-amplifier output derived from the source 
15 or the synthesizer 24 can be used to drive one or 
more loudspeakers 26 located externally of the vehicle 
cabin, for example, in or near the engine compartment 
of the vehicle so as to enhance the sound actually pro- 
duced by the vehicle engine and/or a vibration actuator 
27 operatively related to a vehicle panel 28. The loud- 
speaker 26 and/or actuator 27 is powered by way of one 
or more power amplifiers 29. 

[0018] For noise reduction^ the system includes an 
adaptive noise cancellation controller 30 which may ad- 
vantageously be of the kind described in WO 88/0291 2. 
[0019] The controller 30 provides, on L channels, out- 
put signals derived from a reference signal by adaptive 
filtering carried out by a programmed microprocessor 
and memory unit in dependence on error signals from 



one or more microphones 31. The microphone 31 may 
. be inconspicuously located in the cabin and the refer- 
ence signal may be derived directly from the vehicle en- 
gine, as described in WO 88/02912. 

5 [0020] The output of the one or more microphones 31 , 
or of one or more similarly located microphones if no 
noise reduction facilities are provided can be fed back 
to the microprocessor 25, on line 32, so as to provide 
adaptive control of the unit, as towards a predetermined 

10 enhanced noise signal defined in a memory in the unit 
or in the microprocessor. 

[0021] The outputs from the pre-amplifier 6 and the 
controller 30 are fed to the balanced mixer 9 operative 
to provide outputs for the power amplifier means 10 
15 combining a desired audio signal fro one or other of te 
sources 2 and 5 together, with a noise cancelling signal 
from the controller 30, on which the amplifier control ar- 
rangements 7 have no effect. 

[0022] The system is provided with an on/off switch 
20 controlling the power amplifiers 1 0 and 29 and the mixer 
9, and selector switches for selecting any one or more 
of the enhanced noise facility, the entertainment facility, 
and the noise reduction facility. 

[0023] The loudspeakers 11 will conveniently match 
25 in number the number of the output channels of the pre- 
amplifier 6, but there may be M channels between the 
balanced mixer 9 and the amplifiers 10, where M is 
equal to or greater than the larger of the N entertainment 
channels or the L noise reduction channels. 
30 [0024] One or more of the sources 5 and 15 and the 
synthesizer 24 may incorporate a pre-amplifier and the 
output or outputs can then be supplied to the mixer 9 
directly as indicated in the figure by broken lines. 



1. A sound enhancement system for use in a vehicle, 
the system comprising source means (16, 17, 20, 

40 22) adapted to provide first signals related to oper- 
ation of the vehicle and the engine thereof, and gen- 
erating means (15, 24) responsive to the operation 
of the vehicle and the.engine thereof to provide out- 
put signals for transducer means (11 , 26, 27) to gen- 

45 erate simulated vehicle operating sound; character- 
ised in that said first signals comprise a signal or 
signals responsive to vehicle acceleration provided 
by a transducer (16) whbh relate to one or both of 
throttle position or gear changes and the first sig- 

50 nals comprise a signal or signals provided by one 
or both of a microphone (20) responsive to engine 
noise and a vibration sensor (22) responsive. to en- 
gine-generated vibrations; in that the system in- 
cludes a source ( 1 5, 25) of stored signals represent- 

55 ing vehicle operating sound to be simulated related 
to vehble operation; and in that said generating 
means (15. 24) is responsive to said first signals to 
employ said stored signals to provide said output 



25 



30 



35 

Claims 



3 



5 



EP 0 469 023 B2 



6 



signals output from the or each said error sensing 
microphone (31) to said microprocessor (25). said 
microprocessor (25) being operative to adapt said 
stored signals in response to signals from the or 
each said error sensing microphone (31) such that 
said simulated vehicle operating sound generated 
by said synthesiser (24) attains a predetermined ve- 
hicle operating sound defined in said memory or 
said microprocessor (25). 



Patentanspruche 

1. Gerauschverstarkungssystem zur Verwendung in 

75 einem Fahrzeug, mit Signalquellen (16,17,20,22) 
zur Bereitstellung von auf den Betrieb des Fahr- 
zeugs und seines Motors bezogenen ersten Signa- 
len, und Signalerzeugem (15,24), die auf den Be- 
trieb des Fahrzeugs und seines Motors ansprech en 

20 und Ausgangssignale abgeben fOr Wandler 
(11,26,27), die simulierte Fahrzeugbetriebsgerau- 
sche erzeugen, dadurch gekennzeichnet, da3 die 
ersten Signale ein Signal oder Signale umfassen, 
die von einem Wandler (1 6) in Abhangigkeit von der 

25 Fahrzeugbeschleunigung geliefert werden und die 
sich auf die Drosselklappenstellung und/oder auf 
Gangwechsel beziehen, und daB die ersten Signale 
ein Signal oder Signale auffassen, die von einem 
Mikrophon (20) in Abhangigkeit vom Motorge- 

30 rausch und/oder einem Vibrationssensor (22) in Ab- 
hangigkeit von motorbedingten Vibrationen gelie- 
fert werden; daB das System eine Quelle (15,25) 
von gespeicherten Signalen umfaBt, die Fahrzeug- 
betriebsgerausch darstellen, das entsprechendder 

3S Fahrzeugbetatigung simuliert werden soil; und daB 
die Erzeugermittel (20,24) auf die ersten Signale 
ansprechen, um die gespeicherten Signale zur Er- 
zeugung der Ausgangssignale zu verwenden. 



signals. 

2. A sound enhancement system as claimed in Claim 
1 characterised in thai said generating means (15, 
24, 25) comprises a prerecorded sound source 
05). 

3. A sound enhancement system as claimed in Claim 
1 characterised in that said generating means (15, 
24) comprises a synthesiser (24), and said source 
(1 5, 25) of stored signals comprises a microproces- 
sor (25) for controlling said synthesiser (24), said 
microprocessor (25) being adapted to employ said 
stored signals to control said synthesiser (24) in re- 
sponse to said first signals to trigger the generation 
of said output signals at appropriate times. 

4. A sound enhancement system as claimed in any 
preceding claim characterised in that said transduc- 
er means (11, 26, 27) comprises at least one of: 

a loudspeaker (26) located in or near the region 
of an engine of the vehicle, 
a loudspeaker (11) located in a cabin of the ve- 
hicle, and 

an actuator (27) operatively related to a body 
panel (28) of the vehicle for causing vibration 
of said body panel (28). 

5. A sound enhancement system as claimed in any 
preceding claim characterised in that said vehicle 
includes an in-car entertainment system (4, 2. 5, 6, 
7, 10, 11) providing an audio signal source (2, 5), 
the system including a mixer (9) arranged to mix 
said output signals and signals from said audio sig- 
nal source (2, 5) to generate a mix of said simulated 
vehicle operating sound and sound from said audio 
signal source (2, 5). 

6. A sound enhancement system as claimed in any 
preceding claim further characterised by a noise 
cancellation system (30, 31, 32) including at least 
one error sensing microphone (31 ), a noise cancel- 
lation controller (30). and means (32) to supply sig- 
nals output from the or each said error sensing mi- 
crophone (31) to said noise cancellation controller 
(30), said noise cancellation controller (30) being 
adapted to generate noise cancelling signals adap- 
tively in response to the output from the or each said 
error sensing microphone (31 ) to reduce undesired 
noise, the system including a mixer (9) adapted to 
mix said output signals and said noise cancelling 
signals to generate said simulated vehicle operat- 
ing sound. 

7. A sound enhancement system as claimed in Claim 
3 characterised by a memory, at least one error 
sensing microphone (31 ). and means (32) to supply 



40 2. Gerauschverstarkungssystem nach Anspruch 1, 
dadurch gekennzeichnet, daB die Erzeugermittel 
(1 5,24,25) eine Quelle (15) mit Tonaufzeichung um- 
fassen. 

45 3. Gerauschverstarkungssystem nach Anspruch 1, 
dadurch gekennzeichnet, daB die Erzeugermittel 
(15,24) einen Synthesizer (24) umfassen und daB 
die Quelle (15,25) fur gespetcherte Signale einen 
Mikroprozessor (25) zum Steuern des Synthesizers 

50 (24) aufweist. wobel der Mikroprozessor (25) die 
gespeicherten Signale zur Steuerung des Synthe- 
sizers (24) in Abhangigkeit von den ersten Signalen 
verwendet, um die Erzeugung der Ausgangssigna- 
le zu geeigneten Zeitpunkten auszulosen. 

55 

4. Gerauschverstarkungssystem nach einem der vor- 
angehenden Anspruche, dadurch gekennzeich- 
net, daB die Wandler (11,26,27) umfassen; 
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moyens de source (16, 17. 20, 22) aptes a fournir 
des premiers signaux en liaison avec la marche du 
vehicule. et des moyens de generation (15. 24) sen- 
sibles a la marche du vehicule pour fournir des si- 

5 gnaux de sortie destiries a des moyens de trans- 
ducteur (11. 26, 27) pourgenerer un son de marche 
simulee du vehicule ; caracterise en ce que les pre- 
miers signaux comprennent deux ou plus de deux 
signaux a partir d'un groupe comprenant un signal 

fo d'acceleration de vehicule, un signal de marche du 
moteur, un signal de position de soupape des gaz 
et un signal de changement de vitesse ; en ce que 
le systeme comprend une source (15, 25) de si- 
gnaux memorises representant le bruit de marche 

15 du vehicule a simuler en liaison avec la marche du 
vehicule ; et en ce que les moyens de generation 
(15, 24) sont sensibles aux premiers signaux pour 
employer les signaux memorises et fournir les si- 
gnaux de sortie. 

20 

2. Systeme d'amelioration du son selon la revendica- 
tion 1 , caracterise en ce que les moyens de gene- 
ration (15, 24, 25) comprennent une source de son 
preenregistree (15). 

25 

3. Systeme d'amelloration du son selon la revendica- 
tion 1 , caracterise en ce que les moyens de gene- 
ration (15, 24) comprennent un synth^tiseur (24), 
et la source (15, 25) des signaux memorises com- 

30 prenant un microprocesseur (25) pour commander 
le synthetiseur (24), le microprocesseur (25) etant 
apte a utiliser les signaux memorises pour com- 
mander le synthetiseur (24) en reponse aux pre- 
miers signaux pour d^clencher la production des sl- 

35 gnaux de sortie au moment voulu. 



einen Lautsprecher (26), der in oder nahe dem 
Motorbereich des Fahrzeugs angeordnet ist, 
einen Lautsprecher (11). der im Fahrgastraum 
des Fahrzeugs angeordnet ist. und/oder 
mindestens einen mit einem Fahrgstellblech 
(28) des Fahrzeugs betriebsmaBig verbunde- 
nen Aktuator (27) zum Erzeugen einer Vibrati- 
on des Fahrgestellblechs (28). 

5. Gerauschverstarkungssystem nach einem der vor- 
angehenden Anspruche, dadurch gekennzeich- 
net, daB das Fahrzeug eine Musikanlage 
(4,2,5,6,7,10,11) enthalt. die eine Audiosignafquel- 
le (2,5) lief ert, wobei das System einen Mixer (9) 
umfaBt, der die Ausgangssignale und die Signale 
von der Audiosignalquelle (2,5) mischt, um eine Mi- 
schung des simulierten Fahrzeugbetriegsgerau- 
sches und des Tons von der Audiosignalquelle (2,5) 
zu erzeugen. 

6. Gerauschverstarkungssystem nach einem der vor- 
angehenden Anspruche, ferner gekennzeichnet 
durch ein Gerauschunterdruckungssystem 
(30,31,32) mit mindestens einem Fehlererfas- 
sungsmikrophon (31), einem Gerauschunterdruk- 
kungskontroller (30) und Mittein (32) zur Zufuhrung 
von Ausgangssignalen von dem oder jedem fehler- 
erfassenden Mikrophon (31 ) zu dem, wobei der Ge- 
rauschunterdruckungskontroller (30) Gerauschun- 
terdruckungssignale adaptiv in Abhangigkeit vom 
Ausgangssignal von dem oder jedem Fehlererfas- 
sungsmikrophon erzeugt zur Unterdruckung von 
unerwunschten Gerauschen, wobei das System ei- 
nen Mixer (9) umfaBt. der die Ausgangssignale und 
die. Gerauschunterdruckungssignale mischt, um 
das simulierte Fahrzeugbetriebsgerausch zu er- 
zeugen. 

7. Gerauschverstarkungssystem nach Anspruch 3, 
gekennzeichnet durch einen Datenspeicher, min- 
destens ein Fehlerertassungsmikrophon (31) und 
Mittel (32) zur Zufuhrung von Ausgangssignalen 
von dem oder jedem Fehlererfassungsmikrophon 
(31 ) zu dem Mikroprozessor (25), wobei der Mikro- 
prozessor (25) im Betrieb die gespelcherten Signa- 
le in Abhangigkeit von den Signalen von dem oder 
jedem Fehlererfassungsmikrophon (31) anpaBt 
derart, daB das von dem Synthesizer (24) erzeugte 
simulierte Fahrzeugbetriebsgerausch sich auf ein 
in dem Datenspeicher oder dem Mikroprozessor 
(25) vorgegebenes Fahrzeugbetriegsgerausch ein- 
stellt. 



Revendications 

1 . Syslfeme d'am6lioration du son destine k Tutilisation 
dans un vehicule, le systeme comprenant des 



4. Systeme d'amelloration du son selon I'une quelcon- 
que des revendications precedentes, comprenant 
les moyens de transducteur (1 1 , 26, 27) caracterise 

40 en ce que les moyens de transducteur (11 , 26, 27) 
comprennent au moins Tun de : 

au moins un haut-parleur (26) situe dans ou a 
proximite de la zone du moteur du vehicule ; 
45 au moins un haut-parieur (11) situe dans une 

cabine du vehicule ; et 

au moins un organe d'actionnement (27) relie 
de fapon op6rante ^ un flanc de la carrosserie 
(28) du vehicule pour provoquer la vibration du 
50 flanc de carrosserie (28). 

5. Systeme d'amelioration du son selon I'une quelcon- 
que des revendications precedentes, caracterise 
en ce que le vehicule comprend un systeme de di- 

55 vertissement interne (4, 2, 5, 6, 7. 10, 11) fournis- 
sant une source de signaux audio (2, 5). le systeme 
comprenant un mixeur (9) apte ^ mixer les signaux 
de sortie et tes signaux provenant de la source de 
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signaux audio (2. 5) pour produire un melange du 
son fonctionnel simule du vehicule et du son prove- 
nant de la source de signaux audio (2, 5). 

6. Systeme d'amelioration du son selon I'une quelcon- s 
que des revendications precedentes. caracterise 

de plus par un systeme d'annulatibn de bruit (30, 
31 , 32) comprenant au moins un microphone de de- 
tection d'erreur (31 ). un organe de commande d*an- 
nutation de bruit (30) et des moyens (32) pour four- to 
nir les signaux emis par le ou chaque microphone 
de detection d'erreur (31) a destination de I'organe 
de commande de suppression de bruit (30), cet or- 
gane de commande de suppression de bruit (30) 
6tant apte a produire des signaux de suppression '5 
de bruit de tagon adaptee en reponse au signal de 
sortie du ou de chaque microphone de detection 
d'erreur (31 ) pour reduire les bruits indesires, le sys- 
tfeme comprenant un m6langeur (9) apte ^ m6lan- 
ger les signaux de sortie et les signaux de suppres- 20 
sion de bruit pour produire le son de marche simu- 
lee du vehicule. 

7. Systeme d'amelioration du son sebn la revendica- 
tion 3, caracterise par une memoire, au moins un 2S 
microphone de detection d'erreur (31) et des 
moyens (32), pour fournir des signaux emis par le 

ou chaque microphone de detection d'erreur (31) h 
destination du microprocesseur (25), le micropro- 
cesseur (25) 6tant operant pour adapter les signaux 30 
stock6s en r§ponse aux signaux provenant du ou 
de chaque microphone de detection d'erreur (31) 
de telle sorte que le bruit de marche simulee du ve- 
hicule produit par le synthetiseur (24) atteint un son 
de marche predetermine du vehicule defini dans la 35 
memoire ou dans le microprocesseur (25). 
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